ABSTRACT VLX is a spreadsheet with a Visual Basic script that computes vadose zone leaching of organic compounds. VLX was designed to incorporate the functions of the old VLEACH program on a convenient to use spreadsheet, and to increase its versatility. VLX supports the modeling of a soil column with heterogeneous physical properties (porosity, water content, organic carbon). VLX models a one-dimensional soil column discretized into cells. The VLX user inputs the physical properties of the soil at each cell, the chemical properties of the subject compound, and the initial concentration of the subject compound at each cell in the soil.
It is present in the vadose zone in one of three fractions,  adsorbed onto soil organic carbon,  dissolved in soil pore water, or  vaporized into soil air.
It migrates within the vadose zone by  vapor phase diffusion,  liquid phase diffusion and dispersion,  and liquid phase advection
The properties of the soil column which control fractionation and migration, (organic carbon content, porosity, and moisture content) may be heterogeneous, but they may not change with time during the course of a simulation. Sorption and vaporization isotherms are linear, and no separate phase is present.
The initial concentration of the VOC typically is variable in space. During a simulation, VOC can enter the system.  Infiltration of water from the ground surface may add VOC dissolved in the infiltrant.  Diffusion of vapor from the atmosphere may introduce VOC into the soil gas of the vadose zone.  VOC dissolved in the groundwater may diffuse into the vadose zone in either water of the capillary fringe and enter the soil gas.
During a simulation, VOC can leave the system:  At the ground surface, VOC can volatilize into the atmosphere, o Or the ground surface can be made impervious to volatilization  At the water table, VOC will leach to the ground water by dissolved phase advection  Diffusion to the ground water can occur o Into or out from the water table where the ground water concentration is specified. o Into the water table where the migration rate is unconstrained by the concentration ground water. o Alternatively, the water table can be made impervious to vapor phase diffusion.
Computational Approach
The computational algorithms in VLX are migration-centered. Therefore VLX computes VOC flux from each migration process explicitly in each time step, then resultant contaminant masses in each cell are computed, and finally vapor, dissolved, and adsorbed fractions each cell are computed from the new mass results to give the resulting concentrations.
Basis for Re-equilibration and computation of concentrations
Once the new mass has been determined, the distribution among the dissolved, adsorbed, and vapor fractions is calculated. This is done according to the following relationships between contaminant mass and concentrations
The relations between the concentrations in each fraction are
Incorporating the concentration relationships into the mass fraction equations we get
Using this equation, the equilibrated C w (i) is computed from the new M t (i). Then the equilibrated C s (i) and C g (i) are computed from C w (i), and the VOC mass in each fraction is computed from the new concentrations each fraction. Total concentration C t (i) is not used for in the computational steps, but its computed for display according to the formula
Computation of Time Step
The length of the times step must not exceed a certain value to prevent instability in the computations that produces divergent results. The primary cause of divergent results in an explicit finite difference model is a time step long enough for the mass transport from one cell to cro10ss over two cells. According von Neumann, the stability criterion for diffusive flux is
Similarly the stability criterion for advective flux is
The advective and diffusive transport processes are additive, so the stability critierion must reflect that. Accordingly the following time step is computed for this model
Computation of Diffusion Coefficient
Effective User input worksheet for VLX One worksheet is devoted to user input. The user inputs include the time controls, (computational time step, simulation time and output time steps), compound name and properties, site wide properties and cell size. For each cell they include soil properties and initial concentrations. It is the User's responsibility to chose soil properties, and to ensure that they plausibly represent real soils. Cell specific diffusivities and partition coefficients are then computed. One worksheet is devoted to printing out these intermediate calculations.
Initial concentrations are input in practical units (mg/kg). They are then converted to mass in each cell, then distributed among the three fractions. Once the initial equilibrium status is determined, the migration time steps are followed. The user can specify a computational time step is user input, which will be overridden if any stability criterion is exceeded.
Output is provided in separate worksheets, one sheet for mass flux results to groundwater and atmosphere, and four sheets for concentration profiles at each cell.
Graphical output consist of seven charts. Four charts show the concentration profiles of each fraction (dissolved, adsorbed, vapor, and total) at selected times. One chart shows the migration totals of the contaminant to atmosphere or groundwater, one shows the total movement of contaminant through the system, and one shows the effective concentration of the liquid that recharges the groundwater. On these four charts, the effects of variable moisture content and air-filled porosity are illustrated. The charts on the left show concentration profiles, and mass transfer histories for the soil column with a variable moisture, and the charts on the right show the concentration profile and mass transfer histories for a soil column with a averaged and constant moisture content. The average moisture permitted more rapid dissipation of the initial TCE, because the capillary fringe retards vapor migration. 
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Effect of Variable Soil Moisture
Quantitative Estimation of Effect on Ground Water
Left: Concentration Profiles and Effective Recharge Concentration for Site affected by trichloroethene in upper 20 feet. The effective recharge concentration is the sum of the vapor diffusion plus dissolved solute infiltration to groundwater, divided by the water infiltration rate for the affected area. In this example, the release to soil shows detectable impact to groundwater starting at 4 years peaking at 16 years, and declining afterwards. 
